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1	  
Motivation - Previous Work on Ruthenium Diatomics 
•  RuC:	  Scullman	  et	  al.,	  Phys.	  Scr.	  3,	  19(1971),	  Morse	  et	  al.	  (1998),	  
Steimle	  et	  al.	  (2003),	  Cheung	  et	  al.	  (2014).	  
–  1Σ+	  from	  σ2δ4π4	  conﬁguraJon	  
•  RuO:	  Raziunas	  et	  al.,	  J.Chem.Phys.	  43,	  1010(1965),	  Scullman	  et	  al.	  
(1975),	  Cheung	  et	  al.	  (2013)	  
–  5Δi	  from	  δ3σ1π2	  conﬁguraJon	  
•  RuN:	  Ram	  et	  al.,	  J.	  Chem.Phys.	  109,	  6329(1998),	  Ram	  et	  al.	  (2002),	  
Steimle	  et	  al.	  (2003)	  	  
–  2Σ+	  from	  π4δ4σ1	  conﬁguraJon	  
•  RuF:	  	  Steimle	  et	  al.,	  J.Chem.Phys.	  124,	  024309(2006).	  
–  4Φi	  from	  δ3σ1π3	  conﬁguraJon	  
•  RuSi:	  Morse	  et	  al.,	  J.Chem.Phys.	  127,	  084317(2007)	  
–  3Δ3	  from	  π4δ3σ1	  conﬁguraJon	  
•  RuB:	  Cheung	  et	  al.,	  Chem.Phys.Let.	  547,	  21(2012).	  
–  2Δi	  from	  σ2π4δ3	  conﬁguraJon	  
•  RuH:	  Balasubramanian	  et	  	  al.,	  Chem.	  Phys..	  140,	  243(1990).	  
–  4Σ-­‐	  from	  σ1δ2π4	  conﬁguraJon	  è	  theoreJcal	  predicJon	  
•  RuP:	  no	  experiments/no	  theoreJcal	  predicJons	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Motivation – Catalysis, Drug Design 
3	  
Current	  Ampliﬁer	  
AblaJon	  Laser	  
Pump	  Laser	   Dye	  Laser	  
Monochromator	  
PMT	  
Boxcar	  Integrator	  
Oscilloscope	  Computer	  
Pulsed	  Valve	  Driver	  
	  
Delay	  Generator	  
	  
Gas	  Mixture:	  
1%	  PH3	  in	  He(g)	  
held	  at	  40	  psi	  
To	  vacuum	  pumps	  
A/D	  Converter	  
A	  
B	  
C	  
Timing	  Scheme	  	  
(repeJJon	  rate	  of	  
10Hz):	  
	  	  	  	  	  	  A	  =	  T0	  	  
	  	  	  	  	  	  B	  =	  T0	  +	  500µs	  
	  	  	  	  	  	  C	  ≈	  T0	  +	  100µs	  
Apparatus 
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Low Resolution Spectrum of RuP 
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Theoretical 2Σ - 2Σ Transition 
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PGOPHER,	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High Resolution Spectrum of RuP 
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The “Head” Region of the 576.5 nm Band 
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Loomis-Wood Plot for some branches of RuP 
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Combination Differences 
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Theoretical 2Π - 2Σ Transition 
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Low Resolution Spectrum of RuP 
From	  DFs:	  
ω	  ≅	  515	  cm-­‐1	  
576.5	  nm	  	  
591.8	  nm	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Combination Differences (part ii) 
Δ1F˝	  =	  R(N)	  –	  Q(N+1)	  =	  2B˝(N+1)	  
Δ1F˝	  =	  Q(N)	  –	  P(N+1)	  =	  2B˝(N+1)	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Low Resolution Spectrum of RuP 
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Low Resolution Spectrum of RuP 
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Dispersed Fluorescence 
DF Spectrum of 512 nm band
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Dispersed Fluorescence 
DF Spectra of Several Bands
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Dispersed Fluorescence Results Dispersed l orescence (DF) Results
Ground State
Fitted Parameter Value Standard Deviation
𝜔𝑒 (cm-1) 513 1
𝜔𝑒𝑥𝑒 (cm-1) 2.17 0.19
 𝑇0 (cm-1) - -
Low-lying Electronic State
Fitted Parameter Value Standard Deviation
𝜔𝑒 (cm-1) 525 2
𝜔𝑒𝑥𝑒 (cm-1) 3.48 0.61
 𝑇0 (cm-1) 2034 1
𝑘 = 4𝜋2  𝜔𝑒
2𝑐2𝜇
= 368  𝑁 𝑚
12Gv	  –	  G0	  =	  (ωe	  –	  ωexe)v	  –	  ωexev2	   18	  
Q-head region of 1-0 Band 
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Ground State Rotational Constants 
Fi#ed	  Parameter	   Value	   Standard	  Devia3on	  
B102	  (cm-­‐1)	   0.346057	   2.6	  x	  10-­‐5	  
D102	  (cm-­‐1)	   1.51	  x	  10-­‐7	   3.1	  x	  10-­‐8	  
B96	  (cm-­‐1)	   0.351063	   3.5	  x	  10-­‐5	  
D96	  (cm-­‐1)	   1.67	  x	  10-­‐7	   5.8	  x	  10-­‐8	  
Δ1F˝	  =	  2B˝(N+1)	  -­‐	  4D˝(N+1)3	  
R0	  =	  1.432Å	  
20	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Figure 4.9. Evidence of a perturbation occurring in the upper electronic state of the of the 1-0 
transition of the 102RuP isotopologue (red strands). Part of the Q-branch strand begins at the bottom 
of the figure, becomes perturbed and then abruptly veers off to the right, then returns on the left of 
the figure and eventually straightens out once again. 
  
4.7. Observation of Hyperfine Structure 
 The nuclei of the 101Ru and 99Ru isotopes both have a spin quantum number of 𝐼 = 5 2⁄ . 
Consequently, it is possible that hyperfine structure in the 101RuP and 99RuP isotopologues might 
be observed if the hyperfine coupling is sufficiently large. Shown below in Figure 4.12 is the P(4) 
transition of the 99RuP isotopologue, which was observed in the 1-0 transition data obtained using 
Ar as the carrier gas. While the transition is not split into the expected 2𝐼 + 1 = 6 hyperfine peaks, 
the line is noticeably broadened in comparison with the 102RuP Q(20) line in the spectrum. The 
Perturbation in the 102RuP 1-0 Band 
21	  
Hyperfine Broadening in the Odd Isotopologues 
	  	  	  
102RuP	  Q(20)	  
99RuP	  P(4)	  
100RuP	  P(3)	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Problems! 
•  The	  excited	  state	  is	  perturbed.	  
–  Loomis-­‐Wood	  plots	  
–  Irregular	  isotopologue	  spacing	  in	  the	  Q-­‐heads	  
–  Missing	  R-­‐branches	  
	  
•  Upper	   state	   combinaJon	   diﬀerences	   give	   half-­‐integer	   quantum	  
numbers	  but	  the	  eﬀecJve	  B	  value	  is	  not	  constant.	  
	  
•  Lowest	  transiJons	  idenJﬁed	  conclusively	  are	  Q(3)	  and	  P(3).	  
–  Would	  expect	  transiJons	  of	  lower	  N	  for	  a	  2Π	  -­‐	  2Σ	  transiJon	  
–  Lowest	   transiJons	   currently	   indicate	   Ω´=5/2	   and	   a	   2Π	   state	   has	   Ω´=1/2,	  
3/2	  
	  
•  The	  ion	  laser	  has	  been	  dead	  since	  mid-­‐January	  …	  unable	  to	  access	  
the	  green	  system!	  (repaired	  June	  3,2016	  J)	  
•  DF	  analysis	  of	  RuP	  has	  been	  performed.	  
•  Δ1F	   ground	   state	   combinaJon	   diﬀerences	   for	   give	   integer	  
quantum	   numbers	   consistent	   with	   a	   Σ	   electronic	   state	   –	  
rotaJonal	  parameters	  have	  been	  obtained.	  
•  Upper	  state	  is	  currently	  unknown.	  
RuP Results 
Future Work 
•  Take	  high	  resoluJon	  spectra	  of	  the	  536	  nm	  system	  to	  
determine	  if	  the	  ground	  state	  is	  indeed	  2Σ+.	  
•  Solve	  the	  mystery	  of	  the	  excited	  state	  of	  RuP.	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